The Higgs data analyzed by the ATLAS and CMS Collaborations suggest that the scalar state discovered in 2012 is a Standard Model (SM)-like Higgs boson. Nevertheless, there is still significant room for Higgs physics beyond the Standard Model. Many approaches to electroweak symmetry breaking possess a decoupling limit in which the properties of the lightest CP-even Higgs scalar approach those of the SM Higgs boson. In some cases, an apparent SM-like Higgs signal can also arise in a regime that may not be governed by the decoupling limit. One such scenario can be realized if the observed Higgs signal is a result of two unresolved nearly-mass-degenerate scalar states. The general two-Higgs doublet model provides a useful framework for studying the decoupling limit and possible departures from SM-like Higgs behavior. The implications for current and future Higgs data are briefly considered.
FIG. 1:
The signal strengths µ measured by the ATLAS experiment from Refs. A1 [3] , A2 [4] and A3 [5] , and CMS experiment from Refs. C1 [6, 7] and C6 [8] in the five principal channels and their combination. It should be noted that the ATLAS combination only includes the bosonic γγ, ZZ and W W channels. Taken from Ref. [2] .
In extended Higgs models (as well as in some alternative models of electroweak symmetry breaking), most of the parameter space typically yields a neutral CP Higgs boson with SM-like tree level couplings and additional scalar states that are somewhat heavier in mass (of order Λ H ), with small mass splittings of order (m Z /Λ H )m Z . Below the scale Λ H , the effective Higgs theory coincides with the Higgs sector of the SM. In this discussion, two energy scales must be distinguished. The first is Λ H , introduced above, which characterizes the mass scale of the (presumed) heavier non-minimal Higgs bosons. The second is Λ NP , which characterizes the scale of new physics beyond the Higgs-extended SM. The departure from the decoupling limit can receive contributions from both the Heavy Higgs states via tree-level mixing and from one-loop radiative corrections in which particles associated with the new physics beyond the SM can enter. If deviations from SM Higgs couplings are confirmed, the separation of these two effects will be an important and challenging task.
Small deviations from SM-like Higgs behavior can be a consequence of the decoupling of heavy states, which yields corrections to Higgs couplings of O(m 2 Z /Λ 2 H ). We denote this phenomenon by large-mass decoupling. But there is an alternative mechanism which can contribute small corrections to SM-like Higgs behavior that arises in the weak coupling limit of new physics phenomena. In this case, there is no requirement that all new states associated with the new physics phenomena must be heavy. An example of such a scenario is the Higgs portal [17] , in which the SM Higgs bosons couples to a hidden sector consisting of new states that are neutral with respect to the SM gauge group. For example, if H is the SM Higgs boson and φ is a neutral real scalar, then an interaction term of the form
can modify the decay properties of the SM Higgs boson (by allowing H → φφ) if m H > 2mφ. The deviation of the total Higgs width from its SM value vanishes in the limit of λ → 0. Thus the weak coupling limit provides an alternative mechanism for decoupling, which we henceforth denote by weak-coupling decoupling. Similar modifications to Higgs properties can also be achieved by coupling the SM Higgs boson to new particles that are charged under the SM gauge group. As an example, the lightest electrically neutral particle of the new particle sector can also provide a possible invisible decay channel for the SM Higgs. The two-Higgs doublet model [18] [19] [20] [21] (2HDM) provides a compelling laboratory for studying the phenomenology of an extended Higgs sector and possible departures from the decoupling limit. Such models are often motivated by the minimal supersymmetric extension of the Standard Model (MSSM), which requires a second Higgs doublet in order to cancel anomalies that arise from the higgsino partners [22] . The MSSM exhibits examples of the various sources described above that can yield departures from the decoupling limit. Higgs mixing at tree-level can alter SM Higgs couplings. One-loop corrections due to the exchange of heavy supersymmetric particles can also yield corrections to SM Higgs behavior [23] . Finally, if the lightest neutralino is sufficiently light, it can provide for an invisible Higgs decay channel thereby altering the Higgs total width and branching ratios.
III. THE GENERAL TWO-HIGGS DOUBLET MODEL
The most general version of the 2HDM, which contains all possible renormalizable terms (mass terms and interactions) allowed by the electroweak gauge invariance, is not phenomenologically viable due to the presence of Higgs-fermion Yukawa interaction terms that lead to tree-level Higgs-mediated flavor changing neutral currents (FCNCs). Such effects are absent in the MSSM Higgs sector due to supersymmetry (SUSY), which constrains the form of the Higgs-fermion Yukawa interactions. In non-supersymmetric versions of the 2HDM, one can also naturally avoid FCNCs by imposing certain simple discrete symmetries on the Higgs Lagrangian. These symmetries reduce the parameter freedom of the 2HDM and automatically eliminate the dangerous FCNC interactions. However, the symmetries used to constrain the Higgs Lagrangian (either SUSY or the discrete symmetries) are typically broken (either via soft explicit breaking and/or by the vacuum). In these cases, the Higgs-mediated FCNC interactions are generated at the loop level, while remaining absent at tree-level, thereby satisfying the phenomenological constraints.
If the energy scale associated with the symmetry-breaking is above the mass scale of the heaviest Higgs bosons of the 2HDM, then one can integrate out the heavy degrees of freedom of the new physics. The lowenergy effective field theory describing the Higgs physics is an unconstrained 2HDM, which contains all possible gauge-invariant terms of dimension four or less [23] . In particular, terms that were previously absent due to symmetry reasons are now present; the size of the corresponding coefficients can be determined by matching the low-energy effective theory to the complete theory above the symmetry-breaking scale. Not surprisingly, the size of these coefficients possess one-loop suppression factors, although in some special cases, enhancement factors (such as tan β in the MSSM [24] ) can render them phenomenologically relevant.
We are therefore motivated to examine the general 2HDM without imposing additional constraints on the Higgs Lagrangian. Consider the complex scalar doublet, hypercharge-one fields, Φ 1 and Φ 2 of the 2HDM in a generic basis, where the vacuum expectation value (vev) of the neutral component of the scalar doublet is denoted by Φ
It is convenient to define new Higgs doublet fields [25, 26] ,
such that H If Φ 1 and Φ 2 are indistinguishable fields, then observables can only depend on combinations of Higgs basis parameters that are independent of χ. Symmetries, such as discrete symmetries or supersymmetry, can distinguish between Φ 1 and Φ 2 , which then singles out a specific basis for the Higgs fields, and can yield additional observables such as tan β in the MSSM. However, as noted at the end of Section II, such symmetries are typically broken, so that below the symmetry-breaking scale, the effective 2HDM is generic, and all possible scalar potential terms can appear.
In the general 2HDM, the physical charged Higgs boson is the charged component of the Higgs-basis doublet H 2 , and its mass is given by m 2
The three physical neutral Higgs boson mass-eigenstates are determined by diagonalizing a 3 × 3 real symmetric squared-mass matrix that is defined in the Higgs basis,
where This procedure defines a second physical basis of the general 2HDM-namely, the mass-eigenstate basis for the neutral Higgs bosons. The large-mass decoupling limit corresponds to Y 2 ≫ v. In this limit, the the Higgs basis and the masseigenstate basis coincide. Namely, H 1 becomes the SM Higgs doublet, and H 2 becomes a massive scalar doublet that decouples. Thus, in the approach to the decoupling limit, we can identify a number of important parameters that are small by virtue of the fact that v/Y 2 ≪ 1. If we identify h 1 as the SM-like Higgs boson with m 1 ≃ 125 GeV, then [26, 27] 
where m In the analysis above, we have assumed that the SM-like Higgs boson is the lightest neutral Higgs state. Suppose that h 2 is identified as the SM-like Higgs boson. Then [27, 28] ,
In this case, the large-mass decoupling limit does not exist, since we are identifying m 2 ≃ 125 GeV. However, eqs. (5)- (8) can be achieved in the weak-coupling decoupling limit when |Z 6 | ≪ 1. In this case, all three neutral Higgs masses must be of order 125 GeV (or below). This case allows for the possibility that of a new decay channel for the SM-like Higgs boson via
If this new decay channel is present, then all branching ratios of the SM-like Higgs boson will deviate from SM expectations (despite the fact that the partial widths into the standard decay channels are unmodified from their SM predictions).
We next turn to the Higgs-fermion Yukawa couplings. We focus on the interaction of the Higgs bosons with three generations of quarks, since the corresponding interactions with leptons are easily obtained from the latter by the appropriate substitutions. One starts out initially with a Lagrangian expressed in terms of the scalar doublet fields Φ i (i = 1, 2) and the interaction-eigenstate quark fields. After electroweak symmetry breaking, one can transform the scalar doublets into the Higgs basis fields H 1 and H 2 . At the same time, one can identify the 3 × 3 quark mass matrices. By redefining the left and right-handed quark fields appropriately, the quark mass matrices are transformed into diagonal form, where the diagonal elements are real and non-negative. The resulting Higgs-quark Yukawa couplings are given by [26, 31] 
where U = (u, c, t) and D = (d, s, b) are the mass-eigenstate quark fields, K is the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix and κ and ρ are 3 × 3 Yukawa coupling matrices. Note that 
However, the complex matrices ρ Q (Q = U, D) are unconstrained. Moreover,
under the rephasing H 2 → e iχ H 2 . In general the ρ Q are complex non-diagonal matrices. As a result, the most general 2HDM exhibits tree-level Higgs-mediated FCNCs and new sources of CP-violation in the interactions of the neutral Higgs bosons. In the decoupling limit, CP-violating and tree-level FCNCs mediated by the SM-like Higgs boson (h 1 ) are suppressed by factors of s 12 and s 13 . In contrast, the interactions of the other neutral Higgs bosons (h 2 and h 3 ) in the decoupling limit can exhibit both CP-violating and flavor non-diagonal couplings proportional to the ρ Q . Note that in the large-mass decoupling limit, all Higgs-mediated FCNCs are suppressed by factors of O(v 2 /m 2 2,3 ), whereas in the weak-coupling decoupling limit where |Z 6 | ≪ 1 but m 2,3 ∼ O(m 1 ), FCNCs mediated by h 2 and h 3 are generically unsuppressed.
There are four possible strategies for avoiding tree-level Higgs-mediated FCNCs in the 2HDM. First, one can arbitrarily declare the ρ Q to be flavor diagonal matrices. Such conditions are not renormalization group stable and thus must be regarded as unnaturally fine-tuned [32] . Second, one can impose an appropriate discrete symmetry or supersymmetry, which can yield the so-called Type-I [19, 33] or Type-II [20, 33] Higgs-quark interactions.
2 Such symmetries select out a special basis in which the symmetries are manifest. The relative orientation of this basis relative to the Higgs basis defines the ratio of neutral Higgs vacuum expectation values, tan β. Indeed, in such a framework, ρ Q ∝ M Q is automatically diagonal. In the aligned 2HDM [36] , one imposes the condition ρ Q = α Q κ Q , where the α Q are complex scalar parameters. Such a condition generalizes the Type-I and II 2HDMs. However, the more general alignment condition is not renormalization group stable unless the resulting Higgs-quark interactions are of Type I or II [32] . This is not surprising, since there is no symmetry that governs the more general alignment condition. Thus, the aligned 2HDM must be considered to be unnaturally fine-tuned. One could imagine new physics beyond the 2HDM that imposes the alignment condition at some higher energy scale. Renormalization group running would then generate non-diagonal ρ Q at the electroweak scale. However, in this case the departures from flavor diagonal could be small enough to be phenomenologically acceptable [37] .
Finally, as noted above, Higgs-mediated FCNCs are suppressed in the heavy-mass decoupling limit by factors
, where m 2,3 could be in the multi-TeV range. A detailed phenomenological study is required to ascertain the precise limits on the heavy scalar masses.
IV. SPECIAL FORMS FOR THE HIGGS-QUARK YUKAWA INTERACTIONS
Since the Type-I and II Higgs-quark interactions provide a natural solution for suppressing Higgs-mediated FCNCs, we briefly discuss the structure of the corresponding 2HDMs.
The scalar potential exhibits a Z 2 symmetry that is at most softly broken,
where m 
Thus the scalar sector is governed eight real parameters: v, α, β, four physical Higgs masses and one additional parameter, typically taken to be either
The most general Yukawa Lagrangian, in terms of the quark mass-eigenstate fields and a generic basis of scalar doublet fields, is given by
where there is an implicit sum over a = 1, 2 and K is the CKM matrix. We introduce a discrete Z 2 symmetry under which Φ 1 → +Φ 1 and Φ 2 → −Φ 2 , which is broken softly by the term proportional to m 
Since the models under consideration exhibit a CP-conserving scalar potential and vacuum, one can find a Higgs basis in which Y 3 and Z 5,6,7 are all real. Within this real basis, one is still free to redefine H 2 → −H 2 , which changes the signs of Y 3 , Z 6 and Z 7 . In particular, the sign of Z 6 , denoted by
will characterize the two-fold ambiguity of the real Higgs basis. No physical parameter can depend on ε 6 . We can relate the notation of the CP-conserving model to the general 2HDM of Section III by identifying [26] 
If h 0 is the SM-like Higgs boson, then eq. (1) yields the condition for the decoupling limit,
which can be achieved for large-mass decoupling (m H,A ≫ m h ) and/or for weak-coupling decoupling (|Z 6 | ≪ 1). Note that the sign of cos(β − α) is determined by the convention used in choosing the sign of Z 6 . If H 0 is the SM-like Higgs boson, then eq. (5) yields the condition for the decoupling limit,
which can only be achieved for weak-coupling decoupling (|Z 6 | ≪ 1). For completeness, we note that in the real Higgs basis, Z 5 and Z 6 can be expressed in terms of the parameters of the scalar potential given in eq. (12),
where λ 345 ≡ λ 3 + λ 4 + λ 5 and the sign ambiguity in Z 6 reflects the two-fold ambiguity of the real Higgs basis.
The MSSM Higgs sector at tree-level is a Type-II 2HDM. The corresponding scalar potential is a special case of eq. (12) with
In terms of the scalar potential parameters in the real Higgs basis [26] ,
Note that the tree-level MSSM Higgs sector possesses a large-mass decoupling limit when m A ≫ m Z in which case h 0 is a SM-like Higgs boson. The weak-coupling decoupling limit can be achieved at tree-level when sin 4β ≃ 0 [cf. eq. (24)]. However, in this case the radiative corrections to Z 6 cannot be neglected. On the other hand, it is possible to find regions of MSSM parameter space where the radiative corrections conspire to (approximately) cancel the tree level value of Z 6 , in which case one of the neutral CP-even Higgs bosons of the MSSM is SM-like while the other Higgs bosons need not be particularly heavy [38] .
If h 0 is a SM-like Higgs boson, then its couplings can be treated to first order in the parameter that measures the departure from the decoupling limit. For the Type-I and II 2HDMs, this parameter is cos(β − α). We summarize the SM-like Higgs couplings normalized to the corresponding SM results in Table I . 
That is, the approach to decoupling is fastest in the case of the h 0 V V couplings and slowest in the case of the Type-II h 0 bb couplings at large tan β. Moreover, the approaches to large-mass decoupling and weak-coupling decoupling are only distinguished by the behavior of the Higgs self-coupling. Finally, we note that if only h 0 is light (implying the large-mass decoupling limit), then a precision measurement of the h 0 bb coupling provides the greatest sensitivity to the mass scale of the heavy Higgs states [38] .
V. NEAR-MASS-DEGENERATE SCENARIOS
The LHC Higgs data suggest that the Higgs boson has SM-like couplings to vector boson pairs. In light of this result, how would one interpret future deviations (if present) from SM-like Higgs couplings in fermionic decay channels or the γγ decay channel in a 2HDM framework? The results of of Table I suggest that deviations in the Higgs couplings to down-type fermions from SM predictions could be a result of first order non-decoupling effects that can be significant in Type-II models at large tan β. A deviation in the effective Higgs couplings to γγ could be due to the contributions of new charged states that appear in the loop [39] . In this section, we wish to explore a third possibility in which more than one neutral Higgs state is responsible for the Higgs data observed at the LHC [15, 16, 40, 41] .
If there are two (or more) nearly mass-degenerate neutral Higgs states, then the large-mass decoupling limit is not relevant. Consider as an example the case of a near mass-degenerate h 0 , A 0 pair in the Type-I or Type-II 2HDM. In this case, the coupling of h 0 to vector boson pairs can be approximately SM-like in the weak-coupling decoupling limit. Moreover, in this case it is possible to have near-mass-degenerate neutral Higgs states. We shall assume that the two states are close enough (within about 1 GeV) in mass so that the two states cannot be resolved with the present Higgs data. The ZZ * → 4 leptons and the W W * final states would originate from the decay of h 0 (which is assumed to be SM-like), since the tree-level couplings of A 0 to vector boson pairs are absent. Similar scenarios also exit for a near-mass-degenerate H 0 , A 0 pair (where H 0 is the SM-like Higgs boson) and for a near-mass-degenerate h 0 , H 0 pair. In the latter case, if h 0 is the SM-like Higgs boson, then the unitarity sum rule would imply that the couplings of H 0 to vector boson pairs are suppressed [42] . Indeed in the case of a a near-mass-degenerate h 0 , H 0 pair, the unitarity sum rule implies that the two states taken together would exhibit couplings to vector boson pairs that are indistinguishable from those of the SM-like Higgs boson (assuming that the individual neutral Higgs states cannot be separately resolved).
The phenomenology of near-mass-degenerate Higgs states has been treated in Refs. [15, 16, 40] . Here, I shall outline the results obtained in Ref. [16] . We performed parameter scans of the Type-I and II 2HDMs under the assumptions that: (i) two of the neutral Higgs states are nearly degenerate in mass, with a common mass taken to be the mass of the observed Higgs boson, m h 0 ≃ 125 GeV; (ii) the scalar potential is bounded from below [43] ; (iii) the couplings of h 0 to V V (V = W or Z) are within 20% of their SM-values; and (iv) precision electroweak constraints on the 2HDM contributions to the Peskin-Takeuchi [44] S, T and U parameters are satisfied [31, 45] . These assumptions are further subjected to the constraints imposed by the following experimental observables:
Some of the important constraints on the parameter space for Type I and II 2HDMs are summarized in Fig. 2 , where excluded parameter regions derived from BR(B → X s γ),
and D s → µν µ are plotted in the (m H + , tan β) plane [46] . Here, we have included among the list of flavor observables the degree of isospin asymmetry in the exclusive decay mode B → K * γ, defined as [47] 
The exclusion of low tan β < 1 in the Type I and II 2HDMs for m H + < 500 GeV, arises as a result of three observables: BR(B → X s γ), ∆ 0− , and ∆M B d . In the Type-I 2HDM, a value of tan β > 1 signals the decoupling of one Higgs doublet from the whole fermion sector. In the Type-II 2HDM, there exists a tan β-independent lower limit of m H + 300 GeV imposed by BR(B → X s γ). (This latter constraint is now somewhat more stringent in light of Ref. [48] .) No generic lower limit on m H + is found in the Type I 2HDM. Constraints for high tan β are only obtained in the Type II 2HDM. This can be understood by noting that the leptonic and semi-leptonic observables require tan β-enhanced couplings to down-type fermions.
Finally, recently current data from BaBar of theB → Dτν andB → D * τν slightly deviate from the Standard Model predictions by 2.0 σ and 2.7 σ, respectively [49] . Moreover, these data are also inconsistent with the Type-I and Type-II 2HDMs, since both decay rates, which depend on the charged Higgs mass, cannot be explained simultaneously for the same value of m H + . However, there is no confirmation yet of the BaBar results forB → Dτν andB → D * τν from the BELLE collaboration. In the present analysis, these data will not be included in our constraints. We now consider the observables that can be extracted from the Higgs data. It is convenient to define
where f is the final state of interest, and H is one of the two 125 GeV mass-degenerate scalars. The observed ratio of f production relative to the SM expectation is
Two main Higgs production mechanisms, gg fusion and vector boson (W + W − and ZZ) fusion, are included in our analysis. The final states of interest are f = γγ, ZZ * , W W * and τ + τ − . Note that the LHC is (eventually) sensitive to the bb final state primarily in associated V h production (where V = W ± or Z), which will be briefly considered below. In our analysis, we assume that R W W ≃ R ZZ ≃ 1 ± 0.2.
We first consider the implications of an enhanced γγ signal due to mass-degenerate h 0 and A 0 . By imposing the constraints of the mass-degenerate h 0 , A 0 pair, we find that sin(β − α) is necessarily near 1 as shown in Fig. 3 . Hence, it follows that the couplings of h 0 to the massive gauge boson pairs are close to their SM values. Similar result follow for other mass-degenerate pair choices.
Consider first the case of the Type-I 2HDM. The enhancement of R γγ occurs in the parameter regime of tan β < ∼ 1.5, as shown in Fig. 4 . It is also possible to experimentally separate out γγ events that arise from Higgs bosons produced by W W -fusion. The relevant quantity of interest is
There is some correlation between R γγ and R VBF γγ as shown in the left panel of Fig. 5 in which both quantities exceed unity. Note that there are also allowed parameter points in which only one of these two quantities is enhanced above SM expectations.
An enhanced γγ signal in the Type-I 2HDM for the mass-degenerate scenario yields a number of associated predictions that must be confirmed by experiment if this framework is to be consistent. First, the inclusive τ + τ − signal is enhanced with respect to the SM due to the production of A via gg fusion, as shown in the right Fig. 5 . A similar enhancement would occur in the inclusive bb production from Higgs decay, although this channel cannot be isolated at the LHC due to huge QCD backgrounds. In contrast, the exclusive bb signal due to the production of Higgs bosons in association with V = W ± or Z is close to its SM value but is not enhanced, due to the assumed SM-like hV V coupling.
panel of
We can repeat the exercise for the Type-II 2HDM. Once we assume a heavy charged Higgs mass, there are no further constraints from B physics. In this case, R VBF γγ can never be enhanced above 1 as shown in the left panel of Fig. 6 , since it only receives contributions from h production, which has nearly exact SM couplings since sin(β − α) is extremely close to 1 [cf. the right panel of Fig. 3] . As in the Type-I 2HDM, the τ + τ − signal is also enhanced as shown in the right panel of Fig. 6 , which is a critical prediction of the mass-degenerate scenario. For completeness, the implications of other nearly-mass-degenerate neutral Higgs pairs are briefly summarized here (details can be found in Ref. [16] ). Consider the case of a nearly mass-degenerate h 0 and H 0 . In the Type-I 2HDM, there is no longer a constraint on sin(β − α) since both h and H can couple to vector boson pairs. It turns out that after imposing B-physics constraints, it is not possible to enhance the γγ signal. In Type-II models, the constraint on sin(β − α) is more complicated as shown in the left panel of Fig. 7 . We find that an enhanced γγ signal is possible. As in the previous case of mass-degenerate scalars in the Type-II 2HDM, the γγ signal resulting from Higgs bosons produced in vector boson fusion is slightly suppressed. Likewise, the τ + τ − signal is again enhanced in regions of the enhanced γγ signal, as shown in the right panel of Fig. 7 . m H 0 , the LEP Higgs search cannot probe regions of sin(β − α) < ∼ 0.1 [50] . In the case of the mass-degenerate H 0 and A 0 , we find that m H + must lie below about 200 GeV; otherwise, the Higgs corrections to the electroweak ρ-parameter are too large [51] . This immediately rules out the Type-II 2HDM (due to b → sγ constraints), so we have examined the consequences of a nearly-mass degenerate H 0 and A 0 pair for the Type-I 2HDM. As before, the enhanced γγ signal lies mostly in the vicinity of tan β < ∼ 1 (where the τ + τ − signal is also enhanced). However, taking all B-physics constraints into account, only a few points with a (slightly) enhanced γγ signal survive.
Ultimately, if a near-mass degenerate neutral Higgs pair exists with a common mass around 125 GeV, it would be surprising if the mass difference were significantly smaller than a GeV. In this case, one would expect that evidence for a second state could be revealed with a large enough data sample. Current Higgs mass measurements in the ZZ * → 4 leptons and γγ channels have mass resolutions in the range of 1-2 GeV. In models of an enhanced γγ signal due to nearly-mass-degenerate states, the ZZ * → 4 leptons channel arises entirely from one SM-like Higgs boson state, whereas the γγ signal is made up of contributions from both scalar states. Thus, the average mass inferred from the γγ channel can be slightly different from the one inferred from the ZZ * → 4 leptons channel. Indeed, the present Higgs data sample does seem to indicate slightly different masses in the ZZ * → 4 leptons and γγ channels (albeit not at a statistically significant level with the present data), although the sign of the mass difference differs in the ATLAS and CMS data samples.
VI. CONCLUSIONS
The current LHC Higgs data sets are limited in statistics. Despite some intriguing variations, the present data is consistent with a SM-like Higgs boson. If further data reveal no statistically significant deviations from SM Higgs behavior, then we are in the domain of the decoupling limit. A precision Higgs program is then required to elucidate the possibility of new Higgs physics beyond the Standard Model [28] .
In the two-Higgs-doublet model (2HDM), one expects the approach to the decoupling limit to be fastest in the behavior of the Higgs coupling to W + W − and ZZ. Present Higgs data already suggest that these couplings are within about 20-30% of SM expectations. Even if no significant deviations in these couplings are detected in future LHC data, it is still possible that deviations from SM predictions could emerge in the Higgs couplings to γγ and down-type fermion pairs. The enhancement in the γγ channel observed by the ATLAS Collaboration has fueled much speculation of such a possibility, which would be a clear hint of new physics beyond the Standard Model if confirmed.
One possible source of an enhancement (if present) in the γγ channel of the Higgs signal (while maintaining SM-like Higgs couplings to W + W − and ZZ) is the existence of a mass-degenerate pair of neutral Higgs bosons in the 2HDM [16] . We find that a significant enhancement can occur in the 2HDM with Type-I and Type-II Higgs-fermion Yukawa couplings for values of tan β near 1 (or below). Such a scenario is easily tested, as it would also require an enhanced production of τ + τ − and the possibility of a small measurable difference in the Higgs mass measurement in the ZZ * → 4 leptons and γγ channels.
